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Apparatus for connecting and closing severed blood vessels. 



0 A fastener for closing or connecting blood 
vessels (21,22) has a plurality of miniature barbs 
(10,37) which pierce the wall (20,26) of the 
blood vessel (21,22) and anchor the fastener in 
place, in one embodiment the fastener is conn- 
prised of a male member (2) and a female 
ifiember (4) which are fastened to blood vessel 
segments with the miniature barbs (10). The 
male (2) and female (4) members are joined 
together by inserting the male member (2) into 
the female member (4) to form a permanent 
coupling. In another embodiment the fastener is 
comprised of a ring (36) with miniature barbs 
(37) on bbth surfaces ; that is used between the 
splayed ends of a severed blood vessel (21,22). 
The device can also be used for opening a 
blood vessel (51) which has been narrowed by 
disease or trauma. 
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The invention relates to an apparatus for connect^ 
ing or closing severed blood vessels, which apparatus 
can be used as an alternative to suturing. 

Many surgical procedures involve partially or to- 
tally severed blood vessels which must be reconnect- 5 
ed or closed. The conventional method of reconnect- 
ing such vessels and closing incisions is by sewing 
them together with a suitable suture material. Al- 
though this procedure has been medically success- 
ful, it can involve considerable time during an opera- 
tion. Thus there is a need for an apparatus which can 
be used in a method for quickly connecting or closing 
severed blood vessels. Any device used to connect 
blood vessels together must be compatible with the 
human or animal body in which it is used. Since most 
blood vessels are flexible, it is desirable that any such 
device also be flexible. 

In one embodiment a fastener according to the in- 
vention is comprised of a male member and a female 
member which are fitted together with a one way con- 
nector. After the male member has engaged the fe- 
male member the fastener cannot be disengaged 
without destroying the coupling. A portion of the ex- 
terior of the male member has a plurality of very small 
projections which are sized to engage a receiving sur- 
face on the interior of the female member. The receiv- 
ing surface is constructed to receive the projections 
from the male member and make a permanent cou- 
pling therebetween. Both the male member and the 
female member have a plurality of micro miniature 
barbs on at least a portion of their outer surfaces. 
Those barbs are positioned to penetrate the walls of 
the blood vessel and then hold the coupling in place 
against the blood vessel wall. The coupling may be in- 
serted into the blood vessel by any convenient 
means. If the blood vessel has been severed or sub- 
stantially cut open, the fastener’s segments could be 
positioned through the opening created when the 
blood vessel was cut. 

The second preferred embodiment is comprised 
of a flexible body having one surface from which a 
plurality of micro miniature barbs extend. The body is 
sized so as to extend around at least a portion of the 
inner surface or outer surface of the blood vessel. 
Preferably the body is a compressible hollow cylinder 
or a flat sheet which can be rolled to a dimension 
smaller than the blood vessel, inserted in the blood 
vessel and then expanded to engage the inside wall 
of the blood vessel. A preferred way of inserting this 
embodiment is to wrap the flexible body around a bal- 
loon catheter and extend the catheter into the vessel 
to the location where fastening or closure is required. 

Then the balloon is inflated to unroll the fastener and 
press it tightly against the inside wail of the blood ves- 
sel. 

The invention is illustrated by the accompanying 
drawings, of which: 

Figure 1 is a cross sectional view of a first em- 



bodiment of a fastener according to the invention, 
the fastener being used to dose two segments of 
a severed blood vessel; 

Figure 2 is an exploded view of a part of the fas- 
tener of Figure 1; 

Figure 3 is a side view partially in section of a sec- 
ond embodiment of a fastener according to the in- 
vention placed within a blood vessel; 

Figure 4 is a side view partially in section of the 
fastener of Figure 3 placed on the exterior of a 
blood vessel; 

Figure 5 is a perspective view partially in section 
of the fastener of Figure 3 in a rolled condition 
around a balloon catheter 
Figure 6 is a perspective view partially in section 
of the fastener of Figures 3 and 5 in an unrolled 
expanded condition; 

Figure 7 is a cross-sectional view of a third em- 
bodiment of a fastener according to the invention, 
seen with the splayed ends of two segments of a 
severed blood vessel; 

Figure 8 is an enlarged view of a part of the fas- 
tener of Figure 7, showing how it operates to 
close the blood vessel; 

Figure 9 is a plan view of the fastener of Figure 
7; and 

Figure 1 0 is a cross-sectional view showing a fas- 
tener according to the invention used in a blood 
vessel which has been narrowed by disease or 
trauma. 

Referring to Figures 1 and 2 a first preferred em- 
bodiment used as a festener is comprised of a male 
member 2 and female member 4 which are connected 
to form of stent Both the male member and female 
member are generally cylindrical. They should be 
made of a flexible material. On the outer surface 5 of 
the female member and a first portion of the outer 
surface 6 of the mate member we provide a plurality 
of micro barbs 1 0. The micro barbs are sized to extend 
into the wall 20 of blood vessel segments 21 and 22. 
The segments may have been completely detached 
or only partly separated from one another by an inci- 
sion which created gap 24. The micro barbs are gen- 
erally comprised of a stem 11 and at least one barb 
12 which may be of a triangular configuration as 
shown in Figures 1 and 2. Alternatively, one could use 
tiny fish hook structures or other shapes which can be 
firmly embedded into the blood vessel wall. On the in- 
ner surface of the female member 4 and on a second 
portion 9 of the outer surface of the male member 2 
we provide mating fastening members which engage 
to form a permanent connection between the male 
member and the female member. In the embodiment 
of Figure 1 fastening means 16 are generally hemi- 
spherical in shape and adapted to receive pods 18 
which extend from stems 19 attached to portion 9 of 
the male member 2. The male member 2 and female 
member 4 should be made of a flexible biocompatible 
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material. One suitable material is silicon. Some plas- 
tics of the type used for other types of implantable 
structures may also be appropriate. 

In Figures 1 and 2 there is shown a fastening 
means using a pod on a stem which fits into a hemi- 5 
sphere to form a locked connection. Various other 
configurations are known in the art which can also be 
used. For example, one could provide a doughnut 
shape into which the pods extend rather than the 
hemisphere 16. Similarly pods 18 could be triangular 
and inserted into a similarly contoured receiving 
member. 

In Figures 3 and 4 there is shown a second pre- 
ferred embodiment of a fastener 30 which is com- 
prised of a flexible material having a plurality of barbs 
10 extending from one surface 32 of the dosure 30. 

The dosure could be positioned as a stent within the 
blood vessel as shown In Figure 3 so that the barb 
surface engages and anchors the closure to the inner 
waii of the blood vessel. Alternatively, this dosure 
can be wrapped around the outside of the blood ves- 
sel as shown in Figure 4 so that the barbs penetrate 
and embed within the outer surface 26 of blood ves- 
sel segments 21 and 22. 

Preferably the embodiment of Figures 3 and 4, 
and both the male member and female member of the 
embodiment shown in Figures 1 and 2, are made of a 
flexible sheet which can be rolled to a diameter smail- 
er than the inside diameter of the blood vessel. The 
rolled structure is placed at the juncture point of the 
vessel to be fastened and then expanded to engage 
the interior wall of the blood vessel. 

In Figure 5 the female member Is shown having 
been rolled to a smaller diameter and placed upon bal- 
loon portion 40 of a balloon catheter 42. It should be 
noticed that the inner surface of the female member 
2 is separated from an overlapping portion of the out- 
er surface 6 of the female member by a flap 44 ex- 
tending from a balloon catheter 42. After the female 
member Is located in the proper position the balloon 
portion 40 is inflated thereby unrolling the female 
member 2. As shown in Figure 6 after unrolling the de- 
vice, micro barbs 10 penetrate the blood vessel wall 
and anchor the female member in place. The male 
member 2 is inserted In a simitar fashion. However, 
since the interior surface of the male member is 
smooth it is not necessary to provide a flap to sepa- 
rate adjacent surfaces of the male member when it is 
in a roiled position. 

Referring to Figures 7, 8 and 9 another embodi- 
ment is comprised of a ring shaped body 36 having a 
plurality of micro miniature barbs 37 on opposite faces 
38 and 39 the ends of the blood vessel segments are 
splayed. Then the inside wail portion of the vessels 
are pressed against a barbed face. The barbs pene- 
trate the vessels joining them until tissue regrowth 
takes place. Placing the connector on the inside of 
the vessel avoids the difficulties associated with ring- 



and-pin type conenctors. In this embodiment the 
splayed ends provide a larger passageway for blood 
flow than in the embodiments of Figures 1 and 3. By 
holding the vessel open, regrowth of the tissue over 
the stent would be facilitated while the maximum 
blood flow rate is maintained. To provide flexibility, 
score lines 35 may be provided on faces 38 and 39. 
The ring couid also be made of a radially compressi- 
ble material. Then the ring 36 could be placed in pos- 
ition and caused to expand through use of a balloon 
catheter as in Figure 6 or as a result of the memory 
of the material. 

The device of the invention can be used to open 
vessels that have been narrowed from disease or 
trauma. In Figure 10 is shown a partially occluded 
blood vessel 50 which has been constructed by de- 
posits 52. The device 60 is Inserted with a balloon 
catheter 42. The balloon portion 40 of the catheter 42 
is expanded (see Figure 6) to attach the device to the 
wall 51 of the vessel 50 at the disease site. Then the 
balloon portion 42 is deflated and the catheter is re- 
moved. The device remains in place to maintain lu- 
men through the diseased site. 

In all of the embodiments passageways can be 
provided in the barbs. By fabricating each of the barbs 
with a passageway 45 and reservoir 46, shown in 
broken lines in Figure 8, the barbed face of the do- 
sure couid act as a surface of microscopic hypoderm- 
ic needles. Connection of the passageways to a larg- 
er reservoir (not shown) would provide a method of lo- 
cal drug delivery to a specific organ, rather than the 
bloodstream. 

Silicon arrays of these piercing microstructures 
have been fabricated and having 4 pm high barbs and 
tested for gross adhesive capability. One-sided ar- 
rays, approximately 1 cm^ square, were pressed into 
sections of a human vena cava obtained from a ca- 
daver. The samples successfully bonded to the tis- 
sue, but the tensile strength Is, as yet, below that re- 
quired for dinical application. Electron micrographs of 
delaminated tissue showed four distinct regions 
which were characterized by several features. Holes 
occurred where the barbs penetrated and retracted 
from the tissue. Some barbs broke where penetration 
and bonding took place, but the silicon pedestal sup- 
porting the pointed cap frilled. Intact pieces of silicon 
bonded to the issue. The silicon substrate itself frac- 
tured, probably during insertion. The epithelial lining 
separated from the vessel wall, with the microstruc- 
ture arrays remaining bonded to the lining. 

From this test it became dear that the barbs need 
to have a scale comparable to the thickness of the 
vessel wall for satisfactory bonding. It is preferred to 
have structures on the order of 50 to 100 pm high, or 
greater. 

Although the structures of the invention were 
made using a photolithographic process other tech- 
niques could be used. For example, micromachining. 
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crystal growing methods, vapour deposition, particle 
beam manufacturing and other techniques for creat- 
ing microstructures are possibiiities. 



Claims 

1 . A fastener for reconnecting a severed blood ves- 

sel or for closing a partially severed blood vessel 
(21,22), the fastener comprising: io 

a. a female member (4) adapted to conform to 
an inner wall (20) of the blood vessel (21,22), 
the female member (4) having an outer sur- 
face (5) and an inner surface; 

b. a male member (2) adapted to conform to is 
an inner wall (20) of the blood vessel (21,22), 

the male memebr (2) having a first outer sur- 
face portion (9) sized and positioned to en- 
gage the inner surface of the female member 
(4) and also having a second outer surface 20 
portion (6); 

c. a plurality of barbs (10) sized to pierce and 
anchor in the wall (20) of the blood vessel wall 
(21,22) the barbs (10) being attached to and 
extending from the outer surface (5) of the fe- 25 
male member (4) and being attached to and 
extending from the second outer surface por- 
tion (6) of the male member (2); 

d. a first ^stening means (1 6) attached to the 
inner surface of the female member (4); and 30 

e. a second fastening means (18,19) attached 
to the first outer surface portion of the mate 
member (2), the first and second ^stening 
means (16,18) being sized and configured to 
engage one another to lock the male member 35 
(2) to the female member (4). 

2. A fastener according to claim 1 wherein the first 
fastening means (16) comprises a plurality of 
hemispherical projections (16) and the second 40 
fastening means (18,19) comprises a plurality of 
projections having a stem (19) and pod (18), each 

pod (18) being sized to fit within a hemispherical 
projection (16). 

45 

3. A fastener according to claim 1 or claim 2 wherein 
the male member (2) and the female member (4) 
are formed from a flexible material whereby they 
can be rolled into a diameter smaller than that of 

the blood vessel (21,22) inserted into the blood so 
vessel (21,22) and unrolled to engage the inner 
wall (20) of the blood vessel (21,22). 



pressed condition and there allowed to expand 
and anchor the male member (2) and the female 
member (4) to the inner wall (20) ofthe blood ves- 
sel (21,22). 

5 

5. A fastener for reconnecting a severed blood ves- 
sel, the fastener comprising a ring (36) sized and 
adapted to conform to splayed ends of a severed 
blood vessel (21,22) which ring (36) is provided 
on each of its opposed outer surfaces with a plur- 
ality of barbs (37) attached to and extending from 
the said outer surfaces, the barbs (37) being 
sized and configured to pierce and anchor in the 
wall ofthe blood vessel (21,22). 

6. A fastener for reconnecting a severed blood ves- 
sel or for closing a partially severed blood vessel 

(21 ,22), the fastener comprising a sheet (30) pro- 
vided on one of its surfeces (32) with a plurality 
of barbs (10) attached to and extending from the 
said surface (32), the sheet (30) being formed 
from a flexible material whereby it can be rolled 
into a diametersmailer than that of the blood ves- 
sel (21 ,22), inserted into the blood vessel (21 ,22) 
and unrolled to enagage the inner wall (20) ofthe 
blood vessel (21,22) with the barbs (10) piercing 
and anchoring in the said inner wall (20). 

7. A fastener for reconnecting a severed blood ves- 
sel or for closing a partially severed blood vessel 

(21 .22) , the fastener comprising a sheet (30) pro- 
vided on one of its surfaces (32) with a plurality 
of barbs (10) attached to and extending from the 
said surface (32), the sheet (30) being formed 
from a flexible material whereby it can be wrap- 
ped around the outside of the blood vessel 

(21.22) with the barbs piercing and anchoring in 
the outer wail (26) of the blood vessel (21,22). 

8. A fastener according to any preceding claim 
wherein the barbs (10,37) extend 50 pm to 100 
pm from the outer surface. 

9. A fastener according to any preceding claim 
wherein the barbs (10,37) contain a passageway 
(46) through which a fluid may flow from a reser- 
voir. 



4. Afastener according to claim 1 or claim 2 wherein 
the male member (2) and the female member (4) ss 
are compressible to a diameter smaller than that 
ofthe blood vessel (21,22) whereby they can be 
inserted into the blood vessel (21,22) in a com- 
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